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Smart Grid: concept

� Scope & applications to be defined according to eac h own strategy
� Encompassing numerous domains & needs

Smart GridSmart Grid

The definition of Smart Grid has to be made accordi ng to the specific situation of the 
considered utility 
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AMI Initial Capital Outlay Foundation for the Future

• Incremental investments
– Communications bandwidth

– Business development capital

• Incremental utility-side 

capital
– Programmatic, customer-facing 

and physical device management 
systems

• Incremental field capital 
and knowledge-based 
applications
– Sensors & device controllers

– Distribution operations and 
automation

– Information management

• Initial capital outlay
– Meter functionality

– Communications infrastructure

– Head-end and legacy systems 
modifications
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Slide Credit:  AEP

- Initial investment related to smart metering/AMI/AM R being capex intensive but returning lesser 
value

- Smart metering seen as a transformative application as it forms the base to run advanced smart 
grid applications on an end to end infrastructure

Capital BuildCapital Build --UpUpIncremental Value CaptureIncremental Value Capture
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Numerous “Smart Grid” projects and regulatory push

Lessons to be drawn from significant deployments an d pilots

� Street lighting in Chicago by Duratel (WiFi)
� Renewable energy management in Hawaii by GE (PLC)
� Smart metering in Australia by SP AusNet (WiMAX)
� Smart metering in Italy by Enel (Narrowband PLC)
� AMI on MV in Senegal by Senelec (Broadband PLC)
� Street lighting in Oslo by Echelon (Narrowband PLC + GPRS) 

� Smart metering in Göteborg by Göteborg Energi (Zigbee +  GPRS)
� Renewable energy management in Singapore by The Sin gapore 

Energy Market Authority (pilots with fiber, WiFi and  RF)
� AMI in North Carolina by EnergyUnited (PLC)
� Smart Metering in France by ERDF (Narrowband PLC)
� Street lighting in Essone by Echelon (Narrowband PLC  + GPRS)
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Advent of Smart Grid 
AMI

Smart Grid
AMI Capability+

Integrating 
alternative
sources

AMR Capability+

Automation 
Home appliances 
respond 

AMR
Automated

Meter Reads

Theft ID

AMM

AMIS

Load control

Digital controls 
for management

Energy network 
consumption

Customer 
outage
detectionHourly remote

meter reads

Two way 
communication

Connection 
of public 
lighting Variable pricing

Customer 
voltage 
measurement

Smart 
Home/
Building

Operating data 
management

Network 
management

Demand response

Leverage 
non-operational data

Correction of 
disturbances 
on the grid
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� Broadband PLC

� WiMAX

� DSL

� WiFi-mesh

� Satellite

� Radio system

� ZigBee

� Cellular network

� ZigBee Protocol

� WPC technology (Watt Pulse 
communication)

� Broadband PLC

� Z-Wave

� Cellular network and WiFi

� Narrowband PLC 

� Radio Frequency mesh

� WiFi

� Cellular network

� ZigBee protocol

� WiMAX

� Broadband PLC

Multi-Technologies Smart Grid
Communication Communication 
infrastructureinfrastructure

Meters                                   Meters                                   
..

InIn--home                                home                                
..

A vast array of technologies to be chosen amongst. Current implementation shows some 
favourable trends for PLC and GPRS technologies, ba sed on proprietary or open solution
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Key applications scenario

� Automatic Meter Reading (AMR)
� Remote connect/disconnect
� Associated devices monitoring (water, gas 

& heat meter, appliances below meter)

Scenario 1 Scenario 1 –– Smart meteringSmart metering

Features Telecommunication minimum requirements
� Two way (bidirectional) communication
� Long distance coverage,  and possibility to make ho ps to 

reach isolated meters
� Multicast ability
� Meters reading at regular intervals (European regul ation)

� Limited performance within basic low data rate auto mated reading architecture
� Small data rates (2kbps) not enabling several reads  per hour, non continuous communication

� Specific needs of the utility must be translated in to telecom requirements

Specific needsSpecific needs Additional requirementsAdditional requirements Characteristics neededCharacteristics needed

Instantaneous data collection 
(every minute)

Control of operating costs

Long distances to be covered

Analysis, aggregation, 
storage, and action

Monitoring of hundred 
thousands, millions of meters

Real time ability

Low power consumption

Passing through substations

Management of high data flows

Monitoring of millions of devices 
and sensors in future apps (in-
home, on the grid)

Permanent connexion

Less than 1 mW

Either high number of hops or long distances over 
km with a correct signal

Powerful computer and high storage capacities (750 
terabyte of data per year for an every minute 
reading of 500k meters)

400 Mbps for 500k smart meters read every minute
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� Two-way (bi-directional)
� Real-time communication
� Long distance communication for the 

utility’s (renewable) energy plants 
(often far from populated areas)

� Redundancy to guarantee the 
transportation of the information

� IPv6 for the multiple appliances
� Broadband

Key applications scenario

Scenario 2 Scenario 2 –– Renewable energy useRenewable energy use

Generation Transmission Substation Distribution Distributed Generation
and Storage

� Full awareness of the generation capacity 
�At the utility’s power plants
�At the microgeneration level for distributed generat ion
� Monitoring on-site weather data analysis and transm itting it to the central

� Permanent reading of the electricity consumption an d 
usage forecasts

� Enhancement of the renewable energy utilization wit h 
rapid response to peak-load conditions

� Electric Power System Areas islanding
� Integration with micro power sources (such as heat 

pumps) that lead to load shifts

Features
Telecommunication requirements

Larger information transfers: (on-site weather data  gathering to be sent to the central for analysis)
Islanding: strategic censors on the power lines req uire a minimum of 2 Mbps to diagnose and receive or ders, 

from the customers to the concentrator

Telecommunications needsTelecommunications needs

The 2-5 Mbits/s data rate should be considered indicative of an application with a relatively low to medium data rate production 
and may be used as a guideline.

D. Fischer, Senior Member, IEEE - Developing a Communication Infrastructure for the Smart Grid
“ ”
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Key applications scenario

Scenario 3 Scenario 3 –– Vehicle to the Grid (V2G)Vehicle to the Grid (V2G)

� Automatic detection of the vehicle as a new 
source of energy when connected to the grid

� Automatic and strong management of the power 
production

� Prevents the risk of overloading
� Remote connect/disconnect the cars depending 

on the needs
� Remote troubleshooting

Features

Telecommunication requirements

� Two-way (bi-directional)
� Real time and permanent communication
� Automatic detection & configuration
� Multicast ability

The core technology requirements are low but guaran teeing the efficient use of Electric Vehicles and t he safety 
of the users requires more bandwidth to control, mo nitor and act on the V2G application.

Telecommunications needsTelecommunications needs
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Key applications scenario

Scenario 4 Scenario 4 –– Home networking and Smart HomeHome networking and Smart Home

� Remote monitoring of home appliances
� Monitoring of heating/air-conditioning/lighting
� Networking of all home devices
� CCTV and security against intrusion
� Building Management System (BMS)
� Many others possible applications

Features

� Two way communication
� Point-to-Multipoint communication
� Real time ability
� Coexistence between low and high data rates
� IPv6

Telecommunication requirements

� Numerous customised new bandwidth intensive applica tions
� To be combined with multimedia and (ultra) broadban d apps

High broadband for a future proof Smart HomeHigh broadband for a future proof Smart Home
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Key applications scenario

Scenario 5 Scenario 5 –– Public LightingPublic Lighting

� Two-way (bi-directional)
� Multicast
� Real time ability

� Streetlight diagnosis and monitoring
� Lamp failure detection
� System’s health monitoring
� Data reporting (including burn hour data)

� On demand lighting
� Remote power switching
� Remote light dimming / brightening
� Emergency light signals

Features

Telecommunication requirements

Specific needsSpecific needs Additional requirementsAdditional requirements Characteristics neededCharacteristics needed

Long distance communication
Video surveillance
Direct identification of the lighting

Communication with the central office
Broadband and medium latency
Complex location addressing

High number of hops or quality signal
3 Mbps per video feed, 200 ms latency max
IPv6

� Environmental sensors examples:
� Ambient light
� Traffic detection
� Motion sensor
� Pollution detection
� Power and voltage

Segment controller Public lightingNetwork Operating Centre
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Key applications scenario

� 4 main components revolve around the data transmiss ion

Scenario 6 Scenario 6 –– Network AutomationNetwork Automation

Generation
Transmission

Substation Distribution

� Remote substations monitoring and display of real-t ime 
information

� Remote switching and advanced supervisory control
� Interlocking and intelligent load shedding
� Disturbance and event recording aiding in detailed 

electrical fault analyses

Features

Telecommunication requirements

� Two way communication
� Real time communication
� Robust and error-free

� Electrical protection
� Control

� Monitoring information
� Measurement

� The performances level is different for the 4 main components of network automation

Main componentsMain components

Measurement and Monitoring 
information

Electrical protection and Control

LevelLevel

Low

Medium to High

Characteristics neededCharacteristics needed

Data rates < 10 kbps; response time > 1s; time sync hronisation 
around 1s; some errors allowed

Data rates > 10 kbps, response time 1s down to 0ms;  time 
synchronisation between 1ms and 1µs; limited or no errors allowed

Source: Elsevier Newnes
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From the scenario to the most viable technology 

Definition of the Smart Grid today’s and future 
applications and scenario  

Definition of the related requirements 
(see draft list of criteria)

Analysis of the various 
technologies

Identification of the most suitable 
technologies for each scenario

Selection of the most 
appropriate mix of technologies

Pilot projects

Selection of the most 
viable technology

Evaluation of each solution on real field tests, validation of 
the technology and the implementation method

Most adapted technology in term of costs, performance, 
coverage, ease of deployment…

Mix of several technologies to compensate the 
drawbacks and cumulate the assets of each technology

Identification of the assets and drawbacks of each 
technology regarding the requirements

Synthesis of the characteristics to exclude the 
technology not able to fulfill the requirements

Requirements for performances, investment 
costs, operational costs, specific abilities…

Research of the optimal solution according to 
each utility’s objectives 

Analysis to be conducted to select the most viable and future proof solution ! On the basis 
of the return of experience of other projects and t he deep going knowledge of the 

technologies being proposed by telecom operators, u tilities consortia & manufacturers
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Enhanced expertise within Smart Grid

Core expertise
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Communication 

Architecture & 

Implementation

Utility Automation

Customized technology development and integration 
roadmap for Smart grid project

Customized technology development for SG project, h elp to 
develop and prioritize a database for the AMI syste m

Analysis /business plan related to the implementati on of 
(broadband)IP onto the electrical network, set up of  pilot 

project and recommendation for a national roll-out 

USA

Canada

Morroco

A deep-going experience through numerous projects with ut ilities and other
stakeholders!

Senegal
Concept definition of a broadband IP AMM solution f or MV

Some of our projects*Some of our projects*

And many others !

We work with your visions !

*bmp TC & associates

Germany
Advanced market study about the Narrowband PLC for Smart 

Metering
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